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SPECIFICATION 

1. Title of the Invention: ELECTRONIC SOUND RECORDING 

DEVICE 

2. Claim of Japanese Utility Model Registration Application 

An electronic sound- recording device: 
encoding means for extracting and encoding at least 
musical scale of musical sound input from outside; 

a semiconductor memory for storing musical -scale code 
encoded by the encoding means; musical -sound signal 
synthesizing means for performing conversion and synthesis 
to provide a predetermined musical signal in accordance with 
the musical -scale code read from the semiconductor memory; 
and 

sound producing means for producing musical sound in 
accordance with the musical signal from the musical -sound 
signal synthesizing means. 

3. Detailed Description of the Invention 

[Technical Field of the Invention] 

The present invention relates to an electronic sound- 
recording device capable of considerably reducing a memory 
capacity. 
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[Related Art] 

In recent years, compact electronic equipment having a 
sound-recording function and having a configuration in which, 
when musical sound based on voice or musical sound obtained 
by playing a musical instrument is input from outside, the 
input musical sound as-is is digitally encoded and is 
recorded in a semiconductor memory and the recorded content 
is read from the semiconductor memory at alarm time or at 
arbitrary time for playback, is known. 

[Problems of the Related Art] 

However, in such a type of compact electronic equipment 
with a sound- recording function, the memory capacity is 
enormous since input musical sound is simply recorded and 
played back with fidelity. As a result, there are problems 
in that the cost and the capacity are increased. 

[Object of the Present Invention] 

The present invention has been made in view of the 
foregoing situations, and an object of the present invention 
is to provide an electronic sound- recording device capable 
of considerably reducing a memory capacity. 

[Summary of the Invention] 

In order to achieve the foregoing object, the present 
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invention has a feature in that at least musical scale of 
musical sound input from outside is extracted, encoded, and 
is written to a semiconductor memory, and during playback, 
in accordance with musical-scale code read from the 
semiconductor memory, conversion and synthesis are performed 
to provide a predetermined musical signal and sound is 
produced. 

[Configuration of First Embodiment] 

FIG. 1 shows a first embodiment of the present 
invention, and the configuration of a basic clock circuit 
will be described first. An oscillator circuit 1, a divider 
circuit 2, a time counter circuit 3 constitute a typical 
clock circuit. Time data output from the time counter 
circuit 3 is displayed on a display unit 5 via a display 
control circuit 4. Alarm time pre-stored by an alarm-time 
storing circuit 6 is displayed, through switching, on the 
display unit 5 via the display control circuit 4. Upon 
detecting a match between content of the time counter 
circuit 3 and content of the alarm- time storing circuit 6, a 
matching circuit 7 outputs an alarm signal AL to a control 
circuit 8. A predetermined frequency signal from the 
divider circuit 2 is input to the control circuit 8. Based 
on input data that is output from a switch operation unit 9 
in accordance with an operation switch, the control circuit 



- 5 - 



8 controls various operations. For example, the control 
circuit 8 modifies the content of the time counter circuit 3, 
sets alarm time in the alarm-time storing circuit 6, and 
controls a switching operation of the display control 
circuit 4. In addition, when a record switch or playback 
switch provided at the operation unit 9 is operated, the 
control circuit 8 controls a record or playback operation. 

Next, the circuit configuration of a sound-recording 
function will be described. A sound-recording function of 
this embodiment is adapted to record, as sound-record 
content, musical sound based on voice, musical sound 
obtained by playing a musical instrument, or the like. A 
musical -sound waveform signal input from a microphone 10 is 
amplified by an amplifier 11. Thereafter, from the 
amplified signal, high frequency components are removed by a 
low-pass filter 12, and the resulting signal is input to a 
musical-scale encoder circuit 13. 

The musical -scale encoder circuit 13 includes a limiter 
13a, a frequency counter 13b, and an encoder/converter 
circuit 13c. The limiter 13a shapes the waveform of an 
output of the low-pass filter 12. Using clock 4> x transmitted 
from the divider circuit 2, the frequency counter 13b 
obtains counter-value data corresponding to the frequency of 
a musical-sound waveform signal from the limiter 13a. The 
encoder/converter circuit 13c encodes the counter-value data 
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from the frequency counter 13b into musical-scale code 
corresponding thereto. That is, the musical -scale encoder 
circuit 13 extracts only the musical scale (musical 
interval) components of an input musical -sound waveform 
signal and encodes the components into musical-scale code. 
Thus, the encoded musical -scale code is written to a 
semiconductor memory 15. 

The semiconductor memory 15 is implemented with a RAM 
(random access memory) having a large capacity (e.g., 256 
bits) . Under the control of the control circuit 8, the 
writing or reading operation of musical -scale code is 
controlled. In accordance with address data transmitted 
from the control circuit 8 via an address circuit 16, the 
write or read address is specified. The musical-scale code 
written to the semiconductor memory 15 is read in accordance 
with the sequence of writing. When a 256 Kb RAM is used as 
the semiconductor memory 15, recording for 32 seconds is 
possible at a sampling of 8 KHz and recording for 64 seconds 
is possible at a sampling of 4 KHz. The musical-scale code 
read from the semiconductor memory 15 is input to a musical - 
sound synthesizer circuit 17. 

The musical-sound synthesizer circuit 17 includes a 
waveform synthesizer circuit 17a and an amplitude modulator 
circuit 17b. The waveform synthesizer circuit 17a converts 
musical -scale code from the semiconductor memory 15 into a 
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corresponding analog frequency signal . The frequency signal 
is combined with sound input from the control circuit 8 via 
a waveform control circuit 18, and the resulting signal is 
modulated and input to the amplitude modulator circuit 17b. 
In accordance with amplitude data from the control circuit 8, 
the amplitude modulator circuit 17b amplifies and modulates 
an output of the waveform synthesizer circuit 17a. An 
output of the musical -sound synthesizer circuit 17 is sent 
to a low-pass filter 19 and is then sent to a speaker 21 via 
a mixer/amplifier circuit 20. The mixer/amplifier circuit 
20 operates in accordance with an operation instruction from 

the control circuit 8. When an alert-sound signal other 

than recorded sound is input from a sound- source generator 
circuit 22, the speaker 21 produces sound other than 
recorded sound, i.e., produces alarm sound or time tone. In 
accordance with an alert -sound instruction output, every 
hour or at alarm time, from the control circuit 8, the 
sound- source generator circuit 22 sends the alert -sound 
signal to the mixer/amplifier circuit 20. 

[Operation of First Embodiment] 

Next, the operation of the sound- recording function of 
the first embodiment described above will be described. 
First, for recording sound, the record switch provided at 
the operation unit 9 is turned on. In response, the 
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musical -scale encoder circuit 13 is set to be in an operable 
state and the semiconductor memory 15 is addressed for 
writing. In this state, when musical sound is input to the 
microphone 10 through voice, a musical instrument, or the 
like, a musical -sound waveform signal input through the 
microphone 10 is input to the musical -scale encoder circuit 
13 via the amplifier 11 and the low-pass filter 12. In the 
musical -scale encoder circuit 13, when the musical -sound 
waveform signal is input from the limiter 13a to the 
frequency counter 13b, counter- value data corresponding to 
the sound scale (frequency) thereof is output from the 
frequency co unter 13b to the encoder/converter circuit 13c, 
from which the musical -scale code of the input musical sound 
is output. The musical-scale code output from the 
encoder/converter circuit 13 is written to a specified 
address area in the semiconductor memory 15. In this case, 
in the semiconductor memory 15, the specified address is 
sequentially updated in increments of in accordance 

with address data from the address circuit 16. Thus, in the 
order of input musical sound, only the musical -scale code 
thereof is sequentially written to the semiconductor memory 
15 . 

Next, when content recorded in the semiconductor memory 
15 in the manner described above is played back, the 
playback switch provided at the operation unit 9 is turned 
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on. In response, the musical -sound synthesizer circuit 17 
and the mixer/amplifier circuit 2 0 are set to be in operable 
states and the semiconductor memory 15 is addressed for 
reading. As a result, musical -scale code is sequentially 
read from the semiconductor memory 15 in the order of 
writing and is input to the musical-sound synthesizer 
circuit 17. In the musical-sound synthesizer circuit 17, 
the musical -scale code read from the semiconductor memory 15 
is converted by the waveform shaping circuit 17a. into a 
corresponding analog frequency signal. Audio that is input 
from the control circuit 8 via the waveform control circuit 
18 is combined with the converted frequency signal. In this 
case, for example, the waveforms are shaped so as to provide 
sound of the same musical instrument as the input musical 
sound or to provide sound of another musical instrument. 
Thus, an output of the waveform shaping circuit 17a is input 
to the amplitude modulator circuit 17b, so that the output 
is amplified and modulated. The resulting output is sent to 
the speaker 21 via the low-pass filter 19 and 
mixer/amplifier circuit 20, so that sound is produced. 

As described above, in the present embodiment, for 
recording sound, only the musical scale components of input 
musical sound are extracted and are encoded into musical- 
scale code and only the musical-scale code is written to the 
semiconductor memory 15. Thus, the memory capacity can be 
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significantly reduced. In other words, the recording time 
can be significantly extended for memories having the same 
capacity. Also, a temporal change in a musical -sound 
waveform signal does not have to be recorded and only the 
frequency code thereof is recorded, so that the memory 
access rate during recording can be reduced. As a result, 
the circuit configuration can be simplified and the 
reliability is also improved. In addition, since the 
musical scale is digitally recorded, various types of 
musical-sound playback and synthesis can be achieved with 
ease. For example, recorded content not only can be played 
back but also can be converted into sound of an arbitrary 
musical instrument during playback, or automatic chorus in 
human voice can be achieved through synthesis and mixture of 
language information. 

[Second Embodiment] 

Next, a second embodiment of the present invention will 
be described with reference to FIG. 2. 

While only the musical scale of an input musical sound 
is extracted, encoded, and written to the semiconductor 
memory 15 in the first embodiment, a sound volume is also 
written to the semiconductor memory 15 in addition to the 
musical scale in the second embodiment. In FIG. 2, what are 
configured in substantially the same manner as those shown 
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in FIG. 1 are denoted with the same reference numerals and 
the descriptions thereof are omitted. In the figure, 13d 
indicates a low-rate A/D (analog/digital) converter circuit, 
which encodes the amplitude of musical - sound waveforms 
output from the low-pass filter 12. The resulting converted 
amplitude code is written to the semiconductor memory 15. 
In this case, the semiconductor memory 15 is divided into a 
musical -scale code storing area and an amplitude -code 
storing area. The amplitude code is written so as to 
correspond to musical -sound code. In the present embodiment, 
a musical -scale encoding controller 14 is provided. The 
musical -scale encoding controller 14 has a frequency 
code/musical -sound code conversion table. The musical -scale 
encoding controller 14 refers to content of the converter 
table to perform correction calculation, thereby controlling 
the encoder/converter circuit 13c. Thus, musical-scale code, 
together with corresponding amplitude code, is read from the 
semiconductor memory 15. The amplitude code is converted by 
a low-rate D/A (digital/analog) converter circuit 17c into 
an analog output, which is input to an amplitude converter 
circuit 17b. In accordance with the output from the low- 
rate D/A converter circuit 17c, the amplitude converter 
circuit 17b modulates the amplitude. 

In the second embodiment, as described above, while the 
musical volume of input musical sound is also recorded in 
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addition to the musical scale, the input musical scale as-is 
is not input. Thus, the present embodiment provides 
advantages that are substantially the same as those in the 
first embodiment. For example, the memory capacity can be 
reduced, the memory can also be accessed at a required 
arbitrary rate, and record/playback at a low rate can also 
be performed. 

[Third Embodiment] 

Next, a third embodiment of the present invention will 
be described with reference to FIG. 3. 

In the third embodiment, as in the second embodiment, 
the amplitude code, together with the frequency code of 
input musical sound, can also be recorded and played back. 
In addition, the third embodiment is configured to allow 
selection of whether to perform playback in accordance with 
only recorded frequency code or to perform playback in 
accordance with amplitude code together with the frequency 
code. The selection is executed by a switch operation. In 
the present embodiment, semiconductor memories 18a and 18b 
specific for frequency code and amplitude code are provided, 
respectively, and address circuits 16a and 16b are provided 
so as to correspond to the semiconductor memories 18a and 
18b. In addition, in the present embodiment, a frequency 
discriminator 22 is used to detect an input musical-sound 
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frequency, the detected frequency is encoded by an A/D 
converter circuit 23, and the resulting frequency code is 
written to the semiconductor memory 18a. The frequency code 
read from the semiconductor memory 18a is converted into an 
analog signal by a D/A converter circuit 24, the analog 
signal is input to a V-F (frequency-voltage) converter 
circuit 25, and the resulting signal is sent to the waveform 
synthesizer circuit 17a. In the present embodiment, 
although the frequency discriminator 22 is used, an F-V 
converter circuit or FM demodulator may be used. 

In the present embodiment, as described above, during 
playback, the selection of recorded content is performed, 
i.e., the selection of whether to read only frequency code 
or to read amplitude code together with frequency code is 
performed to perform playback. Thus, for example, when 
musical sound played for composing music or the like is 
temporarily stored as musical -scale information and is 
subsequently played back for writing a musical score, it is 
sufficient to play back only the musical scale during the 
playback. Thus, it is possible to perform playback in 
accordance with an application. The third embodiment also 
provides advantages substantially the same as those in the 
first embodiment . 

Any system, such as a PCM (pulse code modulation) 
system, a DM (delta modulation) system, an ADM (adaptive 
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delta modulation) system, a DPCM (differential pulse code) 
system, an ADPCM (adaptive pulse code) system, or a PARCOR 
system, may be used as the recording system. 

Although a 256 Kb RAM has been described as the 
semiconductor memory in the above -described embodiments, a 1 
Mb RAM may be used. In this case, when sampling is 
performed on a 1 Mb RAM at 4 KHz, the recording time is 4 
minutes. Also, a plurality of RAMs may be provided. For 
example, when three 1 Mb RAMs are used, the recording time 
is 12 minutes. Moreover, when 4 Mb RAMs are used, the 
recording time is further increased. 

In the embodiments described above, although no 
particular description has been given of display, for 
example, the recording time, remaining time, recording 
capacity, or remaining capacity may be displayed in a graph 
form or a digital form. 

Furthermore, although the description in the 
embodiments described above has been given of an electronic 
clock having a sound-recording function, it may a compact 
electronic calculator or the like. Naturally, it may be a 
sound-recording device itself. 

[Advantages of the Invention] 

As described above in detail, in the present invention, 
since at least the musical scale of musical sound input from 



B 



■ 



B 



- 15 - 

outside is extracted, encoded, and input to the 
semiconductor memory, the memory capacity can be 
significantly reduced compared to a case in which the 
waveforms of input musical sound is directly encoded and 
recorded. In addition, the access rate of the memory can be 
reduced, thus making it possible to simplify the circuit 
configuration. Furthermore, since the musical scale is 
digitally recorded, the musical scale not only can be played 
back but also can be converted into sound of an arbitrary 
musical instrument. Thus, it is possible to perform various 
types of musical -sound playback, depending on an application. 

4 . Brief Description of the Drawing 

FIG. 1 is a circuit diagram of an electronic clock with 
a sound- recording function, showing a first embodiment of 
the present invention; 

FIG. 2 is a circuit diagram of an electronic clock with 
a sound- recording function, showing a second embodiment of 
the present invention; and 

FIG. 3 is a circuit diagram of an electronic clock with 
a sound- recording function, showing a third embodiment of 
the present invention. 

10 ... microphone, 13 ... musical-scale encoder circuit, 
13a . . . limiter, 13b . . . frequency counter, 13c . . . 
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encoder/converter circuit, 15 ... semiconductor memory, 
17 ... musical-sound synthesizer circuit, 21 ... speaker, 
22 ... frequency discrimination unit, 23 ... A/D converter 
circuit 
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aa: FIG. 1 

bb: CIRCUIT DIAGRAM OF ENTIRE ELECTRONIC CLOCK WITH SOUND- 
RECORDING FUNCTION 
cc: MUSICAL-SCALE CODE 
1: OSCILLATOR 
2 : DIVIDER 
3 : TIME COUNTER 
6 : ALARM TIME 
7 : MATCH 

8 : CONTROL CIRCUIT 

9 : OPERATION UNIT 

13a: LIMITER 

13b: FREQUENCY COUNTER 

13c: MUSICAL -SCALE CODE ENCODER 

17a: WAVEFORM SYNTHESIZER 

17b: AMPLITUDE MODULATOR 

18: WAVEFORM CONTROL 

22: SOUND-SOURCE GENERATOR CIRCUIT 
dd: FIG. 2 

ee: CIRCUIT DIAGRAM OF ENTIRE ELECTRONIC CLOCK WITH SOUND- 
RECORDING FUNCTION 
1: OSCILLATOR 
2 : DIVIDER 
3 : TIME COUNTER 
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6 : ALARM TIME 
7 : MATCH 

8: OPERATION UNIT 

9 : CONTROL CIRCUIT 

13a: LIMITER 

13b: FREQUENCY COUNTER 

13c: ENCODER 

13d: LOW-RATE A/D 

17a: WAVEFORM SYNTHESIZER 

17b: AMPLITUDE MODULATOR 

17c: LOW-RATE D/A 

18: WAVEFORM CONTROL 

22: SOUND-SOURCE GENERATOR CIRCUIT 
ff: FIG. 3 

gg: CIRCUIT DIAGRAM OF ENTIRE ELECTRONIC CLOCK WITH SOUND- 
RECORDING FUNCTION 
hh: FREQUENCY CODE 
ii: AMPLITUDE CODE 
1: OSCILLATOR 
2 : DIVIDER 
3 : TIME COUNTER 
4: DISPLAY CONTROL 
6 : ALARM TIME 
7: MATCH 
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8: CONTROL CIRCUIT 
9: OPERATION UNIT 
13a: LIMITER 
13d: LOW-RATE A/D 

22 : FREQUENCY DISCRIMINATION UNIT 
25: V-F CONVERTER 

17a: WAVEFORM SYNTHESIZER CIRCUIT 
17b: AMPLITUDE MODULATOR 
17c: LOW-RATE D/A 

18: MUSICAL-SCALE WAVEFORM OSCILLATOR CIRCUIT 
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